The impacts of climate change and human activities on runoff and sediment load are too integrated to distinguish their own contributions. We develop a new method to assess the impact of human activities based on paired years with similar precipitation and evapotranspiration (ET 0 ) conditions (SPEC) using a 55-year monthly data of climate, runoff, and sediment load in 1958-2012 at Zhangjiashan Hydrologic Station of Jing River, Loess Plateau, China. The SPEC of paired periods is defined by similar annual amounts (difference less than 2.0%) and similar process (linear correlations of monthly data less than 0.05) which could set a precondition fixing the possible influence of climate factors. The runoff declined in all nine paired years, but the sediment load and concentration decreased in seven (78%) and six (67%) paired years, respectively. The further analysis with available data of land use and land cover (LUC), Normalized Difference Vegetation Index (NDVI), and soil and water measures in this basin and the results could explain impacts of human activities well. The method could be used combining with the traditional methods in hydrological research.
Introduction
Streamflow and sediment load provide useful information not only on the soil erosion and sediment delivery occurring in a basin [1] , but also on the key factors of river health. The main causes of runoff and sediment load change are related to natural climate variability and human activities (e.g., land use change and dam construction), which have caused significant changes to the runoff and sediment load of many rivers, such as the Nile [2] , the Colorado River [3] , and the Yangtze [4] and Yellow rivers [5] . Land use change is the reflection of the surface microtopography change by human activities. It has significant impacts on regional soil degradation, including soil erosion and soil acidification. In recent years, a number of studies have been carried out to estimate the potential effects of land use change on soil erosion. Trimble [6] found that in Mississippi valley reduced rates of soil erosion coincide with improved practices of soil conservation and management. Some researchers [7, 8] found the effects of land use change and check dams on sediment and channel morphology. Several studies [8] [9] [10] [11] [12] [13] showed that an important impact of landscape pattern changes on catchment sediment yield. García-Ruiz and Lana-Renault [14] stated that the effect of land cover changed on soil loss, sediment delivery, and hydrological response in Europe. Costa et al. [15] found that a deforestation of about 30% of the basin induced a 24% increment of the annual mean discharge. Foley et al. [16] stated that land use changes modify interception and infiltration affecting surface runoff and groundwater flows. Rainfall is the main dynamic factor that causes soil loss. Xin et al. [17] investigated the spatiotemporal variations characteristic of rainfall erosivity on the Chinese Loess Plateau. Recent studies [18, 19] found that sediment yield rates may be expected to change in response to changes in rainfall.
Advances in Meteorology
Therefore, the runoff and sediment discharge variability that is caused by natural climate change and human activities has become one of the key issues in hydrology research and forms the basis for understanding how these patterns of variability form. Much of the current research on runoff and sediment discharge is based on comparative [20, 21] or modeling analysis [19, 22] . While these two methods have assisted in understanding the runoff and sediment discharge variability, there are large differences in the theory and parameters between the methods. For example, the rainfall-runoff and rainfall-sediment statistical model is still controversial when dividing the distinct transition point of runoff or sediment discharge time series by the impacts of human activities, resulting in different division periods showing differing results [23, 24] . Furthermore, although the mechanisms of runoff and discharge are clear in distributed hydrological models [25] [26] [27] [28] , there are great spatial differences in the model parameters and their selection is too variable. Current models do not take the variation of precipitation and evaporation into account comprehensively in the divided period. To understand the influence of climate change and human activities on runoff and sediment discharge and to reduce the uncertainty in the selection on model parameters and improve the accuracy for evaluation of the effects, we must select a study time period, where the climatic characteristics are similar. Once this premise is observed, the variability of the characteristics can be studied in a meaningful way. Based on data from the Jing River Basin, China, the objectives of this study were (1) to show how discharge and sediment yield from the Jing River varied over the past 55 years, (2) to quantitatively assess the influences between climate and human factor on runoff and sediment discharge, and (3) to discuss implications for watershed management. Figure 1 . The total area of soil erosion has reached nearly 73% of the total land cover, making the basin one of the most soileroded areas of the Loess Plateau and an important source of coarse sediment to the Yellow River. The area has deep (50-80 m) loess layers. The particle composition is mainly fine sand, silt (up to 50% of the total), and clay. The loess has high porosity and is prone to landslides. The soil is typical black loam soil with a loose structure that is readily degraded [29] .
Data and Methods
The climate of the Jing River Basin is continental monsoonal, with the average annual precipitation ranging from 400 to 600 mm and average annual air temperature ranging from 8.0 to 10.0 ∘ C [30] . 
Data.
We used the sharable daily data of the 23 national climatic stations (apart from the mountain station) within and around (a buffering area outside of the basin 120 km) the research area from the National Meteorological Information Centre (NMIC), but we analyzed the induced monthly data in the paper (Figure 1 ). The data include monthly precipitation ( , mm), maximum temperature (TMX, ∘ C), minimum temperature (TMN, ∘ C), relative humidity (RH, %), wind speed (WS, m s −1 ), and sunshine duration (SD, h) from 1958 to 2012. The dataset has been quality assured by NMIC. We performed further routine quality assessment and error correction procedures on the data following methods described by Peterson et al. [31] . Missing values are infrequent (during certain months in 1968 precipitation data was missing from one station and some months between 1967 and 1970 had wind speed data missing from four stations), which were replaced with estimated values predicted from multiple regression relationships established among up to five nearby and highly correlated stations [32] . The potential evapotranspiration of the Jing River Basin was calculated using the Penman-Monteith Method recommended by the Food and Agriculture Organization (FAO) [33] . The potential evapotranspiration and precipitation were spatially averaged based on the monthly records of stations upstream of the ZHS using the spatial interpolation method. Annual potential evapotranspiration and precipitation (a.pptn) were cumulative by month. technique to calculate monthly maximum NDVI [35] , which selects the highest NDVI at each pixel from GIMMS NDVI (15-day interval) [36] . The vegetation in the study area is most developed during the productive months of June to September. The vegetation change is usually small from October to the following May. The NDVI values of the four productive months can best reflect the long-term change of vegetation cover during a year. Therefore, the NDVI from June to September of each year was calculated using the MVCs method and this value was used as an indicator of the annual vegetation growth of the study area.
The land use and land cover (LUC) data was obtained from the Data Sharing Infrastructure of Earth System Science, National Scientific Data Shared Platform (http://www2. geodata.cn/). LUC includes five digital maps from 1980, 1985, 1996 , and 2000 to 2005. The map scale for 1985, 1996, and 2000 was 1 : 100000 and 1 : 250000 for 1980 and 2005. This series of maps describes the LUC change. The large scale maps were used to evaluate the total change over time, but they do not show the fine-scale information and detail, in particular, of the built-up area. The classification procedure was based on image interpretation combined with field investigation. The LUC data were classified into the following six categories according to Liu [37] .
The categories for the study area include the following: (1) forest, which mainly represents land with a tree or shrub-crown areal density (crown closure percentage) of 10% or more, as well as nurseries and orchards, (2) cropland including dry-farming and irrigated cropland, lower-cover agroforestry land used mainly for food cultivation, and new cultivated river washland in existence for over three years, (3) grassland that is predominantly covered by grass, mixtures of grass, and shrubs or trees, but with tree coverage of less than 10%, (4) built-up land comprising areas of intensive use covered by structures including cities, towns, villages, strip developments along highways, and transportation, power, and communications facilities, (5) wetland/water body areas consisting of natural wetlands, such as swamps, lakes, and rivers and water engineering structures, including reservoirs and newly built check dams, and (6) barren land referring to land with limited ability to support life, such as sand or rocks where vegetation cover is normally less than 5%.
We obtained soil and water conservation data ranging from 1960 to 1999 from the Soil and Water Conservation Data Compilation of the Yellow River, compiled by the Upper and Middle Yellow River Bureau in 2010 based on on-site field surveys and measures. The data covers some general characteristics of the Jing River Basin, as well as biological conservation measurements such as man-made forest, grassplanting, and hillside closures (natural restoration area with little to no disruption from human activity), and structural measures, such as terraces, reservoirs, check dams, and key projects for gully control.
Principle and Methods.
In order to assess the human versus climatic impacts on Jing River Basin, the following principle and methods were used.
Principle.
The water balance of the watershed can be expressed as
where is the areal precipitation, is the water input from other watersheds, is the change in water storage of engineered structure, such as reservoirs, is the surface runoff, is the underground runoff, is the soil water storage, and ET is the actual evapotranspiration.
Considering the specific hydrogeological conditions of the study area, (1) there is no water input from other 4 Advances in Meteorology watersheds in this study area and can be ignored; (2) as there is a thick soil layer, a deep water table [38] , and little recharge underground runoff from the limited infiltration [39] , is assumed to be approximately 0; (3) there is little vegetation cover in the Jing River Basin, the infiltration capacity of surface soil is weak, and the main surface runoff generated by infiltration-excess rainfall is characterized by heavy rainfall with high intensity and short duration [40] and therefore can be ignored; (4) the water in reservoirs mainly supplies the needs of people's daily lives and can be considered the human impact. Therefore, from a long process, (1) can be simplified to
where is the areal precipitation, is the surface runoff, and ET is the actual evapotranspiration. Consider
where ET is the actual evapotranspiration, is the coefficient, and ET 0 is the potential evapotranspiration. When under adequate water supply, = 1 and ET = ET 0 . We assume that does not change for the same land under the similar weather conditions and the vegetation change induced by human could change . We analyze ET 0 in the study instead of ET that implies the faster change than the natural evolution of ET is also the result of human activities.
FAO Penman-Monteith Method.
The FAO PenmanMonteith (PM) approach to estimate evapotranspiration (ET 0 , mm day −1 ) is regarded as a global standard and is given by FAO-56 report [33] . In this study, monthly potential evapotranspiration was calculated according to Allen et al. [33] . Monthly potential evapotranspiration was calculated by multiplying ET 0 with the number of days in that month.
Spatial Interpolation
Method. Spatial interpolation methods are developed for specific data types or a specific variable [41, 42] . In this study, we therefore selected the Simple Kriging (SK) spatial interpolation method to calculate the spatially averaged precipitation and the potential evapotranspiration for the Jing River Basin because SK has the lowest root mean squared error (RMSE) among the 12 of the most popular spatial interpolation methods (see Supplementary Material 1 in Supplementary Material available online at http://dx.doi.org/10.1155/2015/478739).
Trend Detection.
Parametric and nonparametric methods have been developed and applied successfully in hydroclimatic field analysis because of their ability to detect the physical relationships between ecological elements [43] [44] [45] . However, they require more detailed data than other methods, which may be difficult to provide, as well as clear descriptions of processes, which might not have been developed yet [20] . In this study, a linear regression method is used to detect the precipitation trends, potential evapotranspiration, runoff, and sediment load.
Similar Weather Condition Analysis.
Because the LUC data are only available from 1980 onward and do not cover all years, and because precipitation is the main source of runoff and the main driving force of erosion, paired periods with similar precipitation and potential evapotranspiration conditions (SPEC) were selected to facilitate the analysis [46, 47] . To define paired periods with SPEC the following conditions were applied: (1) the two years should have annual precipitation that differs by less than 2%; (2) the potential evapotranspiration should differ by less than 2%; and (3) the two years should be more than five years apart. Because the evolution of natural landforms and vegetation is quite slow, the changes to runoff and sediment load in a SPEC pair are mainly induced by human activities. Applying the conditions stated above, we selected nine pairs of years. It is important to emphasize that this method assumes that the weather conditions were similar based on just the yearly averages and totals. This is a significant assumption for the study area, because it is well known that individual rainfall events can contribute approximately 60% to 90% of the yearly rainfall total [48] . Though the individual rainfall events are more functional to describe the impacts of rainfall on runoff and sediment generation in its influenced area, the rainfall events are very uneven in space that it is difficult to use data of events in the whole basin. The monthly data of precipitation and ET 0 is rational to abstract the similar weather conditions of two years at the regional scale.
LUC Change Analysis.
The areas of each category of the five maps are calculated by geographic information system to show the land use change process in several sections. A LUC change matrix was used to illustrate the changes of land use and cover for the period from 1980 to 2005 based on the LUC maps.
Landscape Metrics Analysis.
In this study, twelve common landscape indicators were presented [8, 9, 49] . Three types of landscape metrics (fragmentation, shape, and diversity) were calculated with Fragstats model [50] . Five metrics (number 1-number 5) were analyzed to describe landscape feature at the patch level (Table 1) . Besides these indicators, eight more metrics (number 5-number 12) were added at landscape level [49, 51, 52 ].
Results

Statistics of Runoff and Sediment Load.
The statistics for runoff, sediment load, sediment concentration, precipitation, and potential evapotranspiration are shown in and 4.23 Mt yr −1 , respectively. There was significant ( < 0.001) synchronized variation between the annual runoff and sediment load.
Trends of Precipitation and Potential Evapotranspiration.
The annual precipitation declined ( = 0.043) during the study period, while the annual potential evapotranspiration had no significant trend (Figure 3) .
Precipitation and ET 0 between Paired Years with SPEC.
The nine pairs of years based on similar weather conditions (Table 3) range from the 1960s to the 2000s, and the number of years of difference between each pair varies from 8 to 40. The difference in a.pptn and ET 0 ranged between 2.0-7.6 mm and −16.0-16.8 mm, respectively, from the absolute value of the paired years (Table 3) , and the difference in a.pptn and ET 0 from the relative value of the paired years ranged between 0.37-1.38% and −1.71-1.84%, respectively.
Runoff and Sediment Load between the Pairs of Years with SPEC.
The SPEC analysis of the changes in runoff ( ), sediment load ( ), and sediment concentration (SC) is shown in Table 4 . In SPEC, of the later year is less than that of the earlier year of the pair. There is a general decreasing trend in , which is in agreement with the statistics results ( Figure 2 ). Seven (1, 2, 3, 4, 5, 8, and 9 ) of the nine pairs showed a reduced , and six (1, 3, 4, 5, 8, and 9) of the nine pairs had a reduced SC. When comparing the later year with the earlier year in each pair, six (1, 3, 4, 5, 8, and 9) of the nine showed a reduced , SC, and ; two (6 and 7) had a decreasing and an increasing SC and ; and one (2) had a negative SC, but positive and . The amplitudes of , , and SC between the paired years ranged within −42.06-54.72%, −806.47-83.90%, and −827.27-77.52%, respectively. The , , and SC for Pair 3 showed the most dramatic change among the nine pairs, with amplitudes of , , and SC of −31.17%, −806.47%, and −827.27%, respectively.
An Example of LUC and NDVI Change in Pair 5.
Because precipitation and potential evapotranspiration are similar for the paired years, the effects on , , and SC can be attributed primarily to human activity. We selected pair 5 with runoff, sediment load, and sediment concentration amplitudes of 54.72%, 83.90%, and 74.17%, respectively, as an example and applied the LUC data digital maps from 1980 and 2005 to further confirm the applicability of the SPEC method to analyzing the influence of human activity on the runoff and sediment load of a river. LUC is not only an important component of global environmental change and one of the most direct forms of human activities, but also a major cause of global environmental change. Land use change can directly affect the surface runoff, watershed runoff yield [15, 53] . Advances in Meteorology 7 the built-up area was converted from arable land. The actual areal change of wetland and water bodies ( Figure 5 ) was less than 2.3 thousand ha during the study period. The area classified as barren land changed by less than 0.25 thousand ha during the study period, apart from reaching a peak of up to 7.8 thousand ha in 1996. A matrix based on the LUC changes in the ZHS upstream area was developed to show the change between different types of land use categories in 1980 and 2005 (Table 5) . We found that 18.18 thousand ha, 1.35 thousand ha, 0.03 thousand ha, and 0.03 thousand ha of forest changed into grassland, arable land, built-up land, and water bodies, respectively, and 32.99 thousand ha of grassland and 11.16 thousand ha of arable land changed into forest. During the same period, 6.50 thousand ha, 0.70 thousand ha, and 0.08 thousand ha of grassland changed into arable land, built-up land and wetland, and water bodies, respectively.
Spatial configuration of land covers also influences connectivity between sediment source and sink, as sediment transport capacity is different for different land cover types [10, 11, 13] . Most of the spatial pattern of land use experienced little changes during the whole study period, apart from LSI of both arable land and barren land, and PARA of wetland and water body increased (Supplementary Material 2) . A high LSI and PARA indicate a more fragmented land use pattern with more small isolated patches of different land use. Therefore, although the net amount of change between the major land use systems (i.e., forest, grassland, and arable land) was relatively small, the spatial distribution and fragmentation of the LUC systems changed significantly.
NDVI is a sensitive indicator of green plant material and an index of the vegetation cover of a region [54] , which directly affects the water yield and sediment load. the middle reaches of the Jing River (Figure 6 ), which may be the main reason for the runoff reduction in the Jing River Basin [55] .
Soil and Water Conservation Engineering.
In addition to land use and NDVI changes, engineering is also likely to have influenced the runoff, sediment load, and sediment concentration of the Jing River. Based on the Soil and Water Conservation Data Compilation of the Yellow River Basin (Table 6) , there are 94 reservoirs in the upstream area of ZHS, with 36, 20, and 38 reservoirs in Ningxia, Gansu, and Shaanxi, respectively. The total area controlled by reservoirs is 8870.4 km 2 . The amount of siltation measured was 572.4 Mm 3 , 20.4 Mm 3 , and 17.1 Mm 3 in the reservoirs, the key projects for gully control, and check dam, respectively. Using the dry bulk density of sediment of 1.35 t m −3 [56] , an estimated 823.3 Mt of sediment, or 20.58 Mt per year when considering the 40-year period between the start of the implementation and 1999, silted up this region and therefore did not enter the Jing River. This is a much lower value than the mean of 214.8 Mt per year that is transported from the Jing River Basin as sediment load ( Table 2 ). The total amount of siltation (823.3 Mt), or the annual average (20.58 Mt/yr), may explain the decreased trend of sediment load in Figure 2 . In addition, areas covered by planted forest and grassland were quite large by 1999, with 362.45, 89.64, 82.78, and 285.23 thousand ha of arbor, shrub, economic trees, and grass, respectively (Soil and Water Conservation Data Compilation of the Yellow River Basin). The soil and water control functions of these areas are therefore closely related to the vegetation coverage, and the soil erosion of land with coverage of more than 70% would be well controlled [57] .
Causes for Decreased Runoff and Sediment Load.
The variability of runoff and sediment in the Jing River Basin has been shown above. A relatively small decrease in rainfall and sediment concentration, and a relatively small increase in ET 0 , causes a significant decrease in the runoff and sediment load. Data on land use change indicates that the main changes that have occurred in the watershed consist of an increase in forested area and a decrease in arable land, both of which would influence runoff and erosion. Furthermore, the increase of vegetation cover will also have an effect on runoff and erosion. Finally, as shown in Section 3.8, soil and water conservation engineering measures also trapped large amounts of sediment much of which would have otherwise reached the outlet of the Jing River Basin.
Discussions
In this paper, we selected discrete time periods based on the similar weather conditions to analyze the effect of human activities on runoff and erosion. In this way, we ensured a relative uniformity for precipitation, which generates runoff and erosion, but also improved the objectivity and accuracy of the data analysis and therefore the results. Compared with the traditional Hydrologic Method, our method does not use distinct transition points for hydrological series to divide the study period, which avoids divergence resulting from the different dividing of "unaffected" hydrological series period [23, 24] . Under SPEC, the change of runoff and sediment load at the watershed hydrological control station can be treated as human impact directly, and it can be used to explain the results from traditional statistics analysis, and avoiding the influence of the calibration of key parameters in a distributed hydrological model [25] [26] [27] [28] . In addition, the results from our method (SPEC method) can be compared to and verify the results from a distributed hydrological model, and they can improve our understanding of the anthropogenic influence on runoff and erosion. The result of annual runoff in Jing River had significant decline trends during the study period consistent with former studies [23, 55, 58, 59] . Another reason for this is the regulating of 94 reservoirs [23, 59] . In addition, the "rainwater collection project" implemented in the Wei River Basin has also contributed to runoff reduction since 1996; two million small cisterns were built to collect storm water to provide drinking water and irrigation; nearly 6 × 10 6 m 3 of precipitation water has been collected each year, including the rainfall of precipitation events that did not produce runoff [60] . The sediment concentration had a relatively small decrease during the study period. The reason for this may be explained by the basin landscape pattern change [61] . Although the net amount of change between the major land use systems was relatively small, the spatial distribution and fragmentation of the LUC systems changed significantly. These results were comparable with former studies [8, 9] which also may explain why the runoff and sediment decrease. These findings have important consequences for integrated basin management.
There are two alternatives for the analysis of the influence of human activities using the similar weather condition analysis method. The first is considering the effect of human activities effect on runoff and erosion as a whole, and not distinguishing between different human activities. If more data is available, the effect of the different types of activity, such as irrigation, industrial water consumption could be distinguished in the runoff and sediment load. The second option is to consider the same human activities occurring in the paired years as a net change instead of a new effect on runoff and erosion, which makes it easier to describe the influence of human activities between the paired years.
On the Loess Plateau, the main surface runoff and erosion are generated by rainstorms characterized by high intensity and short duration. When the scale of the data and time was the same, the similar weather condition analysis method could also be applied to daily analysis. Furthermore, the selection of thresholds was flexible. The smaller the threshold and the fewer paired years, the better the accuracy of the results. Finally, if more hydrological data, such as soil water storage and underground runoff, are available, the accuracy of the results from this similar weather condition analysis method will improve. Because of the complexity of geological processes, there are obvious disadvantages, such as lack of mechanism in this method when describing changes to geography. If more methods, such as model simulation, were combined with the similar weather condition analysis, this would help clarify the variability in the characteristics and influencing factors of the hydrologic and sedimentary elements.
Conclusions
The river runoff and sediment load have decreased substantially over the past 55 years. There are a significant decline in the precipitation and a small, statistically not significant, Advances in Meteorology 11 increase in potential evapotranspiration. There is a significant ( < 0.001) synchronized variation between annual runoff and annual sediment load.
Nine pairs of years were selected ranging from the 1960s to the 2000s using SPEC method. All paired years showed the runoff reduced and sediment load reduced in seven of the nine pairs. These results were consistent with the trend detected by regression analysis. This means that the reduction in the sediment load of the Jing River Basin caused by human activities occurs in most of the time period studied. The extent of the decrease in runoff and sediment load caused by human activities was related to the compared time period. That is, the variability of runoff and sediment load caused by human activities is different in different pair year.
The human impacts relating to LUC change and soil and water measures in the basin were important. Not only was there a change of sloping cropland into nonfood crop vegetation or cultivable terraces, but 823.3 Mt of silt was collected in reservoirs and behind check dams during 1960-1999. Land use change analysis indicates that overall changes in the surface area of the major land use systems were relatively small. However, the spatial distribution and fragmentation of the various land use classes changed significantly during the past decades.
